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Abstract

Streszczenie

The aim of this study was to review research on the role of long non-coding RNA (IncRNA) in ovarian cancer. This article analyses
studies on the effect of increased IncRNA expression on the size of ovarian cancer and the incidence of metastasis. The review covers
a period from October 15, 2018 to August 22, 2020, and comprises 23 studies in which a total of 1,580 women with ovarian cancer
participated, and an undetermined number of control groups where healthy tissue samples were collected. A review of the studies
indicates that increased IncRNA expression is associated with elevated ovarian cancer size and metastatic risk. The most studied
IncRNA include HOTAIR, CCAT2, GAS5, MALAT-1, UCA1. Studies assessing the expression levels of HOTAIR IncRNA and CCAT2
in normal and cancer tissue showed varying levels of expression in studies of different authors, which indicates that the expression
of the same IncRNA may vary individually or is a result of study errors.

Keywords: IncRNA, ovarian cancer, expression, FIGO

Celem pracy byt przeglad badan dotyczacych oceny roli dlugiego, niekodujacego RNA (long non-coding RNA, IncRNA) w raku
jajnika. W artykule dokonano przegladu badan dotyczacych wplywu zwiekszonej ekspresji IncRNA na rozmiar raka jajnika
i wystepowanie przerzutéw. Przegladu badan dokonano w okresie od 15 pazdziernika 2018 do 22 sierpnia 2020 roku. W przegladzie
uwzgledniono 23 badania, w ktérych tacznie wzieto udziat 1580 kobiet z rakiem jajnika oraz nieokreslona liczba 0séb z grup
kontrolnych, od ktérych pobrano zdrowe tkanki. Przeglad badan wskazuje, Ze zwigkszona ekspresja IncRNA jest zwigzana ze
zwigkszonym rozmiarem raka jajnika oraz przerzutami. Najczesciej badane IncRNA to: HOTAIR, CCAT2, GAS5, MALAT-1, UCAL
Badania, ktore ocenily poziom ekspresji IncRNA HOTAIR oraz CCAT2 w tkance zdrowej i nowotworowej, wykazaly rézne poziomy
ekspresji u roznych autoréw, co $wiadczy o tym, ze ekspresja tego samego IncRNA moze by¢ zmienna osobniczo lub jest wynikiem
btedéw w przeprowadzonym badaniu.

Slowa kluczowe: IncRNA, rak jajnika, ekspresja, FIGO
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The role of long non-coding RNA (IncRNA) in the development of ovarian cancer

INTRODUCTION

n important achievement of biology in the sec-
Aond half of the twentieth century was the under-

standing of the molecular processes underlying
the expression of genetic information. Information cre-
ated at that time seemed to be precise and completely de-
scribe the scheme of living organisms. The information was
mainly focused on deoxyribonucleic acid (DNA) as an in-
formation carrier and proteins, i.e. the final product. Ribo-
nucleic acid (RNA) molecules were attributed with the sec-
ondary role as an intermediary in protein biosynthesis. RNA
is a polymer consisting of nucleotides composed of ribose,
a phosphate residue, and one of four nitrogen bases: adenine,
guanine, cytosine or uracil. Today, the knowledge about the
functioning of RNA is much wider. It is known that RNA
is not only a skeleton that binds proteins or an adapter that
enables translation. The current state of knowledge warrants
the conclusion that RNA is directly involved in the synthe-
sis of proteins, and is a cofactor involved in many biochem-
ical processes or affecting the structure of the genome.
Biology textbooks divide RNA into messenger (mnRNA) and
non-coding RNA (ncRNA). Among ncRNA, housekeep-
ing RNA and regulatory RNA are distinguished. Housekeep-
ing RNA includes rRNA, tRNA, snoRNA. Regulatory RNA

RNA

is divided into short ncRNA (<200 base pairs), long ncRNA
(IncRNA) (>200 base pairs), and very long ncRNA (>100,000
base pairs). Short-coding RNA includes miRNA, siRNA,
piRNA, tsRNA (Fig. 1). The amount of IncRNA outweighs
the amount of short ncRNA. Most IncRNA is present in the nu-
cleus and cytoplasm®. Recent research results indicate that
IncRNA may be involved in the development of ovarian
cancer. An increased level of IncRNA expression is associ-
ated with increased tumor size® as well as lower predicted
survival outcomes®. Studies reveal that the level of IncRNA
expression is not dependent on the histological type®.
The World Health Organization (2014) distinguishes the fol-
lowing histological types of ovarian cancer: serous cancer,
mucous carcinoma, endometrioid cancer, clear cell carcino-
ma, transitional cell carcinoma, Brenner tumor, squamous
cell carcinoma, mixed cancer, undifferentiated cancer, sarco-
ma carcinoma, and granulomatosis?”.

ETIOLOGY OF OVARIAN CANCER

Over 95% of malignant ovarian tumors have epithelial or-
igin. The most important risk factors include BRCA1I and
BRCA2 mutation carriers, hereditary ovarian cancer syn-
dromes, childlessness, hereditary ovarian and breast can-
cer syndromes, hereditary ovarian cancer, and familial
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occurrence of non-globular colorectal cancer. Factors that
reduce the risk of ovarian cancer include hormonal con-
traception, fallopian tube occlusion, uterus excision, and
breastfeeding®.

HISTOLOGICAL TYPES OF OVARIAN CANCER
AND THEIR CHARACTERISTICS

Nowak-Markwitz and Spaczynski divide ovarian cancer
into two types. Type I is characterized by a diagnosis at
a less advanced stage, slow growth and low sensitivity to
chemotherapy, and good prognosis. Type I comprises se-
rous, endometrial, mucosal, clear cell carcinomas and
Brenner cancers. Type II of ovarian cancer is diagnosed at
stages III and IV. Type II is characterized by rapid growth
and high sensitivity to chemotherapy, and poor prognosis.
Type II comprises serous, endometrial, undifferentiated and
sarcoma carcinomas® (Tab. 1).

EFFECT OF LNCRNA EXPRESSION
ON THE SURVIVAL OF PATIENTS
WITH OVARIAN CANCER

LncRNA does not have the translation potential due to the
presence of multiple stop codons in mature transcripts?.
However, the lack of protein coding and the absence of
translation potential does not mean that IncRNA does not
carry any information or perform any function®. The avail-
able literature does not contain precise information on the
role of IncRNA in the process of protein biosynthesis and
their exact function in the cancerous process. Studies con-
ducted so far have focused on associations between in-
creased expression of IncRNA and tumor development and
its increased size or involvement in the proliferation and
migration of tumor cells"?. siRNA potentially contributes
to lower expression of IncRNA NONRATT021972 as with
other epigenetic mechanisms. Liu et al. (2016) observed
that as a result of siRNA activity, the expression may be

lowered by 0.5 in relation to the expression in which siRNA
transfection was not applied"®. In the majority of studies
conducted to date, the exact impact of siRNA on the level
of IncRNA expression has not been assessed, and the mo-
ment at which it is joined is not known. According to
the literature data, some of them may have a prognostic
value. Ning et al. (2018) conducted a meta-analysis to de-
termine the impact of IncRNA expression on the survival
of patients. A total of 15 studies evaluating 1,333 patients
were included in the analysis. The results of the study pre-
dict a higher risk of death for patients with its increased
level (p > 0.05). Another meta-analysis evaluated the effect
of IncRNA expression on the survival time of patients based
on its exact formula. A total of 14 studies were included
in the study, with 1,276 participating patients. The results
predict a higher risk of death in patients with its increased
level (p > 0.05). The presented studies included the work of Xia
et al. (2017) with the Kaplan-Meier curve, which presents
the prognosis of survival of people at low and high level
of IncRNA ZFASI over consecutive months. The Kaplan-
Meier curve predicts that a high level of IncRNA may be
associated with the death of 35% of patients 60 months
after surgery (p < 0.05), and in the case of women with
its low level, 40% of patients may die after approximately
65 months. Similar data was reported in the paper by Cheng
etal. (2015). According to their results, 55% of patients with
a high level of IncRNA AB073614 are expected to die
after ca. 35 months (p < 0.05), and in the case of its low
level, 50% of patients after 50 months are expected to die.
The results obtained by Li et al. (2017) suggest a statisti-
cally significant difference between the predicted survival
time of patients with low and high levels of IncRNA SPRY
4-IT1 expression. The death of 25% of patients with high
levels of expression is expected after ca. 50 months, and ap-
proximately 55% with low levels after ca. 50 months®'6-21,
The results reported in the paper by Ning et al. (2018) in-
dicate a very poor survival prognosis of patients who par-
ticipated in the studies included in the meta-analysis.

Histological type

Characteristics

Accompanying molecular changes

In order to make an endometrial tumor diagnosis, no histological diagnosis
of endometriosis is necessary.

of ovarian cancer
The glandular epithelium differentiates towards the phenotype of oviduct Mutations in the KRAS gene (protooncogene Kristen
Serous cancer epithelial cells. In serous adenocarcinoma, a variety of glandular weaving rat sarcoma viral oncogene homolog) or BRAF
is found depending on the stage of cancer. (protooncogene B-Raf proto-oncogene)
The group of endometrioid ovarian tumors includes phenotypically equivalent Mutati
e L L - utations of the PTEN gene (phosphatase, suppressor
Endometrioid cancer proliferations of all types of cancer that may develop in the endometrial mucosa. protein), PIK3CA (gene coding the PI3K kinase catalytic

subunit), CTNNBT (gene coding B-catenin)

Mucosal tumor

They have glandular epithelium in their woven cells, containing neutral
glucosamine (mucins) in the cytoplasm. Glandular epithelial cells are
phenotypically similar to cells of different mature epithelia producing mucus
(intestinal, glandular cells of the pylorus of the pyloric part).

Mutations in the KRAS gene and HER2 overexpression
(superficial growth factor receptor)

(lear cell carcinoma

Dispatch through epithelium, cells which have a clear cytoplasm or sometimes
take on the hobnail appearance.

Mutations in the TGF-B RIl gene (transforming
the growth factor, receptor § Il)

Sarcoma

Non-epithelial origin derived from connective tissue

Mutations in P53

Undifferentiated ovarian
cancer

Tab. 1. Characteristics of different histological types of ovarian cancer*-12
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Fig. 2. Molecular function of IncRNA®?5%)

On the basis of only predicted values, it cannot be deter-
mined whether and to what extent an increased expression
of IncRNA affects the survival time of patients®. Worku
etal. (2017) in their study compiled 20 IncRNA and attrib-
uted the role they play in the cancer process. The analysis
compared studies involving humans and animals, demon-
strating that increased or decreased expression of ovarian
cancer in IncRNA contributes to increased cell proliferation
and migration, but there is no description of the underly-
ing mechanism that is responsible for this observation®.

ROLE OF IncRNA IN THE TRANSCRIPTION
AND TRANSLATION PROCESS

According to high school textbooks, the process of pro-
tein biosynthesis begins with the attachment of polymerase
to the gene promoter and dehydration of the DNA double
helix. RNA polymerase moves along the DNA strand and
unravels it, adding subsequent nucleotides to the mRNA
strand®?). In the next step of protein biosynthesis (trans-
lation), at first the ribosomal subunit attaches to the end of
5 mRNA, and the START (AUG) codon is attached with
tRNA (transporting RNA). During the elongation and ter-
mination step, tRNA is carried by consecutive codons un-
til the STOP codon is provided (at the termination stage)
by tRNA to terminate the production of the polypeptide
chain. In the biosynthesis process, miRNA proteins are re-
sponsible for regulating gene expression by joining this
6 nucleotide strand to mRNA and matching their

CURR GYNECOL ONCOL 2020, 18 (2), p. e46—e56

nucleotides, as in the case to tRNA and mRNA, provid-
ed that the degradation of the mRNA strand is an effect of
miRNA attachment to mRNA. When the complementarity
is incomplete, the process of protein biosynthesis is blocked.
siRNA is also responsible for the silencing of gene expres-
sion. siRNA at the time of connection with the complemen-
tary strand of mRNA contributes to the fact that the mRNA
strands are cleaved, which prevents the formation of cod-
ed protein®??. At the time when the splicing of intronic re-
gions takes place in the transcription process, after it ends
there may be degradation of genetic material by the en-
zyme or protein that has been synthesized. The RNA types
mentioned in school textbooks include ribosomal RNA
(rRNA), whose molecules are a component of ribosomes —
structures where proteins are synthesized, and small nu-
clear RNA (snRNA), which are involved in the pre-mRNA
assembly process the main stage of maturation - trans-
forming the primary transcript of genes encoding mRNA
proteins. School textbooks do not describe the exact mech-
anism of ribosome formation from rRNA, and how it goes
into their construction. According to the data reported by
de la Cruz et al. (1999) DNA, as a result of rRNA transcrip-
tion, leads to the formation of mRNA of which the poly-
peptide chain is biosynthesized, from which ribosomes are
then biosynthesized®?. The literature data indicates that the
mechanism of protein biosynthesis is in fact more compli-
cated, and more types of RNA are involved in it. Numerous
studies were published, attempting to describe the functions
of IncRNA in this process. Osielska and Jagodzinski (2018)
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indicate that the epigenetic mechanism of IncRNA action
depends on its potential attachment to tRNA in the trans-
lation process, however, their study shows that the attach-
ment of IncRNA occurs when tRNA is connected to three
ribosomes®. Usually, one ribosome is involved in the trans-
lation process®?". Carpenter (2016) argues that IncRNA may
play a role in the transcription process. The author does not
discuss whether IncRNA is transcribed into mRNA and is
a non-coding fragment of an exon that is included in
the process of translation into protein biosynthesis or is
an intron not transmitted to mRNA and under the influ-
ence of polymerase the IncRNA section is separated from
the mRNA fragment, and IncRNA thus created participates
in epigenetic mechanisms®”. mRNA may be reverse-tran-
scribed, resulting in the re-formation of DNA that can be
stored in the form of chromosomes by wrapping into his-
tones. Despite the lack of accurate information on whether
IncRNA is prescribed for mRNA and is subject to the tran-
scription and translation process like the other genes, or the
translation process takes place, IncRNA is an intron and is
excreted in the transcription process. Based on the infor-
mation contained in the gene bank, it can be assumed that
IncRNA ultimately undergoes reverse transcription and is
found on one of the chromosomes®** (Fig. 2).

CHARACTERISTICS OF IncRNA
IN OVARIAN CANCER

HOTAIR is located on chromosome 12. According to the
Gene Bank database, even though it is a non-coding region,
no protein products are attributed to it, and the effect of in-
creased HOTAIR IncRNA expression is the binding of ly-
sine demethylase (LSD 1) and repulsive complex 2 Poly-
comb (PRC2) and it serves as scaffolding to connect these
regulators to the HOXD gene cluster. The available litera-
ture lacks data on the method of binding of the above-men-
tioned compounds.

MALAT is located on chromosome 11. According to Gene
Bank, it controls the transcription process and is stored in
the nucleus, where it forms a framework for ribonucleopro-
tein complexes (which include miRNA), which are respon-
sible for blocking the translation process. It can be assumed
that this segment is subject to the process of splicing before
the translation process, due to the formation of ribonucleo-
protein complexes. The available literature lacks a descrip-
tion of the exact mechanism that leads to the incorporation
of IncRNA MALAT into these complexes.

GAS?5 is located on chromosome 6, and the product of this
gene is IncRNA. According to Gen Cards, the component
of this IncRNA is snoRNA.

HOXA11I according to Gene Bank, is located on chromo-
some 6 and the result of its action is the impact on the rate
of expression of other chromosome 6 genes, the product
of which is a protein. According to the Gen Cards data
HOXAI11 encodes a protein, but there are no literature
reports that would address the product of its expression.

DOI: 10.15557/(60.2020.0010

There is no data about the functions of some IncRNA in
the Gene Bank, including ANRIL, UCA1, CCAT2, BC200,
TUGI, LNCRSR, RAD51-AS1, DARS-AS1, LSINCTS5,
AFAP-1AS1, IncSOX4, SNHG20® (tab. 2).

METHODOLOGY

The PubMed database was systematically searched to iden-
tify studies that assessed the role of IncRNA in ovarian
cancer. The effect of IncRNA expression on tumor size was
evaluated. The following phrases were searched: ovarian
cancer IncRNA (350 publications), IncRNA ovarian cancer
review (36 publications), IncRNA ovarian cancer meta-analysis
(11 publications), MALAT IncRNA ovarian cancer (4 pub-
lications), IncRNA ovarian cancer H19 (32 publications),
IncRNA ovarian cancer HOTAIR (23 publications),
IncRNA ovarian cancer HOST?2 (2 publications), IncRNA
ovarian cancer UCAI (15 publications), IncRNA ovari-
an cancer PVTI (1 publication), IncRNA SNHG20 ovari-
an cancer (3 publication), and IncRNA RAD51-AS1 ovarian
cancer (1 publication), covering a period from October 15,
2018 to 22 August, 2020. The review included studies con-
ducted among women with ovarian cancer that included
information about the size of the study and control groups,
which consisted of tissue samples collected from women
with cancer involving sites that were not covered by the dis-
ease process, and the level of IncRNA expression in cancer
tissue and healthy tissue. The review excluded studies con-
ducted on animals and humans which provided no infor-
mation about the size of the study group and the level of
IncRNA expression. Also, the review did not include stud-
ies in which the control group consisted of women with be-
nign ovarian cancer or the study group comprised patients
with varying degrees of sensitivity to cisplatin.

SUMMARY

Previously conducted reviews of studies and meta-analy-
ses concerned with the assessment of the role of IncRNA in
ovarian cancer did not comprise all studies, and there are no
exact data on the impact of different IncRNA on tumor size.
The most frequently studied IncRNA included HOTAIR,
CCAT2, GAS5, MALAT, MALAT-1, UCAL In the studies
carried out to date, the differences in IncRNA expression in
healthy and cancerous tissue were typically evaluated with-
out assessing the difference between IncRNA expression in
the healthy and cancerous tissues with varying FIGO (Inter-
national Federation of Gynecology and Obstetrics) stages.
The results of eleven studies indicate that increased expres-
sion of IncRNA contributes to tumor growth (p < 0.05), and
the findings obtained in eight studies indicate that increased
IncRNA expression is related to metastases. Research car-
ried out to date lacks accurate data that would indicate to
what extent increased or decreased expression of IncRNA
increases the size of the tumor. Studies evaluating the ex-
pression level in the HOTAIR or CCAT2 IncRNA gene in
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ovarian cancer tissue and healthy tissue showed varying lev-
els of expression in papers published by different authors,
indicating that the expression of the same IncRNA can
be variable individually or is attributable to study errors.
Currently, there is no cytotoxic drug with an effect on
IncRNA available on the market.
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